INTRODUCTION 41
The good correlations between Cu and Pb and between Co and Ni, together with the 212 significant correlations between pH, organic matter, and cation exchange capacity and the 213 total concentration and the extractable fraction of these metals could indicate a similar 214 dissolution-precipitation pattern. 215
Relationships observed among metals and between metals and soil properties are, 216 generally, similar respect to their available percentage in the studied soils (Table 8) . 217 218
Metal availability for plants 219
The proportion of the EDTA-extractable fraction relative to the total concentration of the 220 metal could be an indicator of the quantity of metal available for plants and could reflect its 221 comparative mobility (Andreu, 1993; He & Singh, 1993) . In this way, the percentage of 222 extractable fraction could be used as an estimate of the comparative mobility of the studied 223 metals. According to these data (Table 8) , the order of comparative mobility in these soils is: 224 Cu > Cd > Pb >> Zn > Ni > Co. 225 This progression shows that the elements potentially most toxic to humans (e.g., Cd and 226 Pb), together with Cu, are the most mobile in these soils. However, the values for Zn and Cd 227 are lower than those obtained by Hamon et al. (1997) in sandy loam soils under citrus crops. 228
Co and Ni are the elements most strongly retained. 229
Highly significant correlations occurred between Cd and Co on their available percentage 230 in these soils (Table 8) . Availability of Co and Pb is related directly with Ni total 231 concentration, but Zn percentage is the most influenced by Ni. Co and Ni are highly 232 correlated in availability on soils in the same way that was observed to their total 233 concentration and EDTA-extractable fraction. 234
Distribution of metals in the soil profile 236
Total Cd, Cu, and Pb show their maximum values in the superficial horizons (Table 2) , 237 decreasing with depth, as it is reflected by negative correlation coefficients of their 238 concentrations with depth (Table 6 ). Statistically significant differences are observed for Cd 239 concentration below 85 cm depth, and Cu and Pb shows these differences below 30 cm 240 depth. Figure 1 shows the predicted evolution of these metals with depth and their best-fit 241 equation models. Cd and, more specifically, Cu and Pb are strongly retained in the first 242 centimeters of soil, possibly due to their immobilization by organic matter and phosphates 243 that are accumulated in this surface zone. This fixing effect due to organic matter phosphates 244 is in accordance with the high significant correlations coefficients obtained for these 245 parameters (Table 5) . Several authors have observed that Cd tends to remain in the top few 246 centimeters of the soil, and its downward movement is very slow (Loganathan & Hedley, 247 1997) . Cu and Pb show great affinity for soil organic matter (Celardin & Chatenoux, 1990; 248 Flores-Vélez et al., 1996) . Generally, it is accepted that organic matter complexes have an 249 important role in the mobility and availability of these metals (Alba & Chen, 1995; Herbert, 250 1997) . 251 Total Co and Ni show an increase with depth, more intense in the case of Co that was 252 around 50% higher concentration in the deepest horizon than in the first 30 cm of soil. In the 253 case of Ni, this increase is lower and gradual. This course agrees with the positive 254 correlations observed for these metals with depth and with the prediction equations (Table 6  255 and Figure 1) . Total Zn shows a variable course in these soils and without any statistical 256 correlation with depth. Its predicted evolution is reported in Figure 1 . These observations 257 agree with those of Celardín and Chatenoux (1990) and Herbert (1997) , for Swiss forest soils 258 and contaminated podzol soils. For Co, Ni, and Zn, the influence of the movement and 259 distribution of soluble organic compounds and oxides (Fe, Al and Mn) , together with thevariations in cation exchange capacity in these soils is very important (Giusquiani et al., 261 1992; Gimeno-García et al., 1995; Li & Shuman, 1997) . The influence of the cation exchange 262 capacity and organic matter is reflected by its significant correlation coefficients with these 263 parameters ( Table 5 ). The organic matter concentration in the profile decreases with depth 264 and increases in the 3C horizon. This fact could be due to the ploughing in depth that these 265 rice soils receive (fanguexat) and to the oscillation of their water table level that promotes 266 frequent changes in the soil redox conditions. 267
The evolution of the EDTA-extractable metal fractions with depth is similar to the total 268 concentration, except for Pb and Cd, which do not show statistical differences between 269 horizons. However, an accumulation of these forms of Pb and Cd is observed within the first 270 40 cm of soil. Co and Ni have a statistically significant increase with depth, mainly in the 271 deepest horizons (>100 cm depth). This tendency in the distribution with depth of the 272 extractable fraction of Co and Ni is more accentuated than in their total concentrations. The 273 predicted evolution of these metals is reported in Figure 2 . Extractable Zn also shows similar 274 variability than its total concentration, with a decrease in the zone from 30 to 70 cm and a 275 progressive increase with depth. This distribution of the extractable Zn is parallel to the 276 trends observed for the organic matter concentration, electric conductivity and total N ( Table  277 1), which is correspondent to the significant correlation coefficients obtained (Table 5 ). This 278 course of Zn in its distribution with depth is in accordance with the studies on metals 279 availability of Benbi and Brar (1992) in semiarid calcareous soil of Punjab, and the 280 observations of Mandal and Hazra (1997) in soil under three different rice farming systems. 281
Only Cu, Ni and Zn show significant correlations with depth concerning the percentage of 282 available metal. Their predicted evolution in the soil profile and the best-fit equations 283 obtained are reported in Figure 3 . However, for all the studied metals an increase of their 284 availability with depth is observed. 285
Temporal evolution of heavy metals 287
A study of the five-year period was completed. Annual samplings were performed in the 288 same places and in the same season (spring) during 1991-1995. In this period, the variability 289 of total concentration and extractable fraction for Cd, Co, Cu, Ni, Pb and Zn in the superficial 290 horizon were studied. 291
The evolution of heavy metal concentrations in time can be observed in Figure 4 . 292 Generally, total and extractable concentrations of the studied metals have similar courses. Cd 293
shows the most important increase with time, whereas Ni has a slight increase until 1994. This result is similar to the behavior observed by Tsaplina (1993) in a study of these metals in 299 a meadow biogeocenosis. Hamon et al. (1997) also reported a similar tendency for Zn 300 studying the evolution in the availability of this metal for different plant species. However, 301
Co does not show a net variation, except for the intense increase of 1992. Berrow & Burridge 302 (1990) , studying the persistence of metals in sewage sludge treated soils for 17 years, found 303 that the amounts of metals extracted by EDTA remained as high as 80 to 90% for Cd, Cu and 304
Zn and around 50 to 60% for Ni and Pb respect to their initial values. 305
The particular flooding/drying regime of these soils, with the variations in the redox 306 conditions, could influence greatly the temporal evolution of the studied metals in them. 307
The high levels of carbonates, the pH and the distribution of organic matter in depth could 308 also affect the adsorption/precipitation patterns of metals in these soils, and then its 309 retention and accumulation. The period 1991-1995 is short to predict the evolution of heavy metals in the studied soils. 332
However, a tendency to increase has been observed for Cd, whereas Cu and Zn levels 333 decrease. Co, Ni and Pb tend to maintain these levels in these soils. Total carbonates (%). 
